Purpose The purpose of this study was to evaluate the use of negative pressure wound therapy (NPWT) to improve wound healing after total hip arthroplasty (THA) and its influence on the development of postoperative seromas in the wound area. Materials The study is a prospective randomised evaluation of NPWT in patients with large surgical wounds after THA, randomising patients to either a standard dressing (group A) or a NPWT (group B) over the wound area. The wound area was examined with ultrasound to measure the postoperative seromas in both groups on the fifth and tenth postoperative days. Results There were 19 patients randomised in this study. Ten days after surgery, group A (ten patients, 70.5± 11.01 years of age) developed seromas with an average size of 5.08 ml and group B (nine patients, 66.22± 17.83 years of age) 1.97 ml. The difference was significant (p=0.021). Conclusion NPWT has been used on many different types of traumatic and non traumatic wounds. This prospective, randomised study has demonstrated decreased development of postoperative seromas in the wound and improved wound healing.
Introduction
Negative pressure wound treatment (NPWT) has become a widely used therapy for many different indications in the treatment of traumatic, non traumatic and even chronic wounds [1] [2] [3] [4] . Recently, the indication to use the NPWT on closed surgical wounds, especially after severe trauma, has been suggested [5] [6] [7] . The principle application of this technique is easy. A constant negative pressure is applied to the closed wound. A suction tube is connected to a sponge which is placed over the sutured wound to which a selfsticking membrane is attached. The membrane must be put on the skin close to the wound to seal the wound and create a sterile surrounding area [1, 8] . The suggested mechanisms of action are the stimulation of bloodflow, increased oxygen saturation and angiogenesis [5, 9] .
The purpose of this study was to evaluate the potential effect on the reduction of postoperative seromata and to evaluate any potential influence on wound healing and laboratory inflammatory values.
Material and methods
Nineteen consecutive patients who were scheduled for a total hip arthroplasty (THA) for osteoarthritis of the hip were randomised in either group A, receiving the standard wound dressing of our department, consisting of a dry wound coverage, or group B, receiving a NPWT over the sutured wound area. The surgical intervention was identical for both groups. The surgical approach was posterolateral, and the prostheses were all from the same manufacturer (Brehm, Germany). All patients received two Redon drains, one in the deep area of the wound close to the prostheses and one above the closed fascia. The postoperative physiotherapy and mobilisation was also identical for both groups. Both groups received perioperative prophylaxis with antibiotics either Augmentin (amoxicillin trihydrate with potassium clavulanate) or ciprofloxacin. The NPWT group (group B) was treated with a PREVENA™ system (KCI, San Antonio, USA). The PREVENA system was left on the wound for five days including the day of surgery. All patients underwent an ultrasound (Zonare, Z. one Ultra SP 4.2, Erlangen, ZONARE Medical Systems, Inc., Mountain View, USA) of the wound with volume measurement which is performed using a tool provided by the manufacturer. Additional ultrasounds were performed preoperatively as a control for potential soft tissue abnormalities and then postoperatively on the fifth and tenth days after surgery. Furthermore, blood samples were taken preoperatively and on days five and ten postoperatively. Blood values assessed the red blood count (Hb), the white blood count (leukocytes), Creactive protein (CRP), thrombocytes, the INR and the Quick. Postoperatively, the amounts of wound secretion in the Redon drain canisters were recorded, the length of the incision was measured, and the duration of prophylaxis with antibiotic was also noted as well as any potential secretion of the wound.
For statistics, the Mann-Whitney U-test for two independent groups was applied (exact statistics). Baseline p-values were two-tailed and otherwise one-tailed in favour of the NPWT-group.
Informed consent was obtained from each patient. The study was approved by the local ethics committee and conformed to the principles of the Declaration of Helsinki.
Results
Ten patients in group A with a mean age of 70.0± 11.01 years and nine patients in group B with a mean age of 66.22±17.83 years were randomised (p=0.673). The wound size for group A was 13.25±3.02 cm and for group B 12.44±1.81 cm (p=0.920). The Redon drains showed a mean total volume of secretion for group A of 669± 478 ml and for group B 511±239 ml (p=0.421). The Redon drain boxes were changed an average of 4.1±1.37 times for group A and 3.22±1.09 times for group B (p= 0.096). The ultrasound on day five showed a volume of 2.02±2.74 ml for group A and 0.58±1.21 ml (p=0.102) for group B; on day ten there was a mean volume of 5.08± 5.11 for group A and 1.97±3.21 ml for group B (p= 0.021). A seroma was present in 90% of the patients in group A and in 44% of group B. Group A received antibiotics for a mean of 11.8±2.82 days and group B for 8.44±2.24 days (p=0.005). The laboratory values can be found in Table 1 . In group B a secretion from the wound after five days was seen in only one patient. This patient removed the Redon drain by himself on the first postoperative day. In group A five patients with a secretion of the wound after five days were noted.
Discussion
Since its first application NPWT has been used widely in the treatment of chronic and acute wounds [1] [2] [3] [10] [11] [12] [13] [14] [15] . Many indications for the use of NPWT have been added since its first use [2, 16] . Several studies have shown a beneficial effect on wound healing and a reduction of complications combined with a safe administration and low risk of side effects for the patient [17, 18] .
To our knowledge this is the first study to show a significant reduction of seromas in the wound area of closed wounds. This study detects the subcutaneous seroma by ultrasound, which is unique in this field of research, relating to NPWT of closed wounds. The high sensitivity of a standardised evaluation of the wound area by imaging modalities showed the reduction of a seroma directly underneath the surgical incision. The reason why a reduction of wound seroma occurs is still not completely understood. Horch et al. showed a significantly increased bloodflow, a significantly higher oxygen saturation and post capillary venous filling compared to a baseline measurement before a NPWT device was added to healthy skin [9] . This might be one reason why better wound healing was achieved with NPTW in our study. In addition to the reduction of seroma we have seen better apposition of the wound edges ( Figs. 1 and 2 ). Another finding which might lead to a better wound healing was the reduction of drainage fluid in the Redon drain boxes in the NPWT group. A complication that might be of interest is the communication between the Redon drains and the PREVENA™ system. This might cause a suction of air into the vacuum of the sponge or cause a leakage of the NPWT system. In this study not a single leakage occurred in the PRE-VENA™ group. After the removal of the NPWT device a secretion through the wound occurred in only one patient. In contrast to the control group where 50% of the patients still showed secretion of wound after five days. The secretion of wound debris through the incision always carries the risk of development of bacterial infection and delayed healing. This phenomenon was also observed by other study groups who were evaluating NPWT devices over closed wounds. Stannard et al. showed a reduction of haematoma and drainage of injuries after high energy trauma [5, 19] . Decarbo et al. recommended the NPWT for use on high risk wounds, for example, after total ankle replacement [6] , but none of them could prove the reduction of a seroma in the wound area.
Another interesting finding is the reduction of CRP between the fifth and tenth days postoperatively in the Prevena group. The mean values decreased from 78.87 to 22.38 mg/l in comparison with 83.09 to 44.06 mg/l in the control group. This might be related to the reduced secretion of the wound and the better wound healing, but the reason for this finding is still unknown and needs further evaluation. Our findings correlate with findings in other studies. In a different context Kaplan et al. showed a faster recovery of the patients who suffered severe trauma Fig. 1 Ultrasound of the wound area of two patients with negative pressure wound therapy (NPWT) and no seroma and a scar tissue after ten days Fig. 2 Ultrasound of the wound area with a postoperative seroma in the control group with soft tissue defects if a NPWT device was applied early, i.e. on day one or two of treatment in comparison to patients who received this treatment later [20] . The early application of NPWT seems to have a positive impact on wound healing. In this study the NPWT was applied immediately after surgical closure of the wound. One limitation of the study is the relatively small number of patients included, such that a single case could skew the results. But we have seen that in 50% of the control cases a secretion after five days after surgery was still present in contrast to only one patient in the PREVENA™ group. Furthermore, 90% of the patients in the control group showed a seroma on day ten after surgery and the mean volume of the seroma was statistically significantly lower in the PREVENA™ group compared to the control group. Another limitation is the fact that we only used the product of a single vendor. For all other vendors and products the portability has still to be evaluated.
Conclusion
Application of NPWT on closed wounds after orthopaedic surgery might help to reduce the complications of a prolonged wound healing and postoperative seroma in the wound area.
